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They Ankle sprains account for 17% to 20% of all injuries in most sports. Other 
ankle conditions such as posterior tibialis tendon disorder and Achilles tendinosis are 
quite common in the nonathletic population and require many of the same interventions. 
Some of these interventions include range of motion, stretching, strengthening and 
proprioception. Many studies have shown that strength and proprioceptive training are 
the intervention of choice for those with lateral ankle instability. Many of these studies 
have supported the use of BAPS in improving proprioception among individuals with 
lateral ankle instability, however there is only one study examining the use of BAPS for 
strengthening of the ankle musculature. The purpose of this study was to determine the 
activity level of lower leg musculature when using the BAPS with and without weights 
positioned on each quadrant of the board. This study focused on inversion and eversion 
motions, due to the frequency seen clinically of lateral instability resulting from ankle 
sprams. 
Twenty healthy female and ten healthy male volunteers from the community, 
faculty, staff, and student population at the University of North Dakota participated in the 
study. Electrodes were placed over the four muscles of interest (gastrocnemius, soleus, 
tibialis anterior, and peroneus longus) on the dominant lower extremity of each subject. 
Following practice repetitions, each subject performed trials of exercises on the BAPS, 
with and without weights positioned on each quadrant of the board as determined by 
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random selection, in an eversion/inversion direction, while EMG recordings were made 
from the four muscles of interest. 
Results showed no significant difference in the EMG activity of the 
gastrocnemius, soleus, or anterior tibialis muscles among the 5 different weight 
placement conditions. A significant difference in EMG activity was found for peroneus 
longus when comparing all positions except for no weight vs anterolateral, no weight vs 
anteromedial, and anterolateral vs anteromedial. The difference in EMG activity of 
peroneus longus was the greatest with weight in the posterolateral position of the BAPS 
board. 
The results indicate an increase in EMG activity of peroneus longus with straight 
plane exercises. These findings further support the use of straight plane BAPS exercises 




Ankle sprains are one of the most common injuries for both competitive and 
recreational athletes. Without proper rehabilitation, these acute sprains may lead to 
chronic ankle instability and subsequent decrease in functional ability. The use of 
effective interventions will minimize risk for future injury. 
Problem Statement 
The Biomechanical Ankle Platform System (BAPS) has already been shown to be 
a beneficial component of ankle rehabilitation and several studies have been conducted; 
however, there is no current literature that compares muscle activity of the lower leg with 
specific weight placement on the board. 
Purpose of Study 
The purpose of this study is to determine the activity level of lower leg 
musculature when using the BAPS with and without weights positioned on each quadrant 
of the board. Our study focuses on inversion and eversion motions, due to the frequency 
of lateral instability seen clinically. 
Significance 
This study is important to the physical therapy profession due to the fact that 
ankle sprains, specifically inversion sprains, are a common occurrence in many sports, 
often leading to chronic ankle instability. Without proper rehabilitation and 
strengthening, future ankle sprains may become problematic, which in tum will increase 
the client's medical expenses and decrease quality of life. The results of our study will 
provide a better understanding of the lower leg musculature related to normal ankle 
function. It will also improve the quality of care physical therapists are able to provide to 
patients who present with ankle injuries. 
Research Questions 
1) Is there a significant difference in muscle activity of lower leg based on 
position of weight placement when using a BAPS board? 
2) Which muscles are affected most by straight plane BAPS board exercises? 
3) Is muscle activity significantly altered when weights are used compared to the 
BAPS without weights? 
Hypothesis 
We hypothesize that there is a significant difference in lower leg muscle activity 




Currently, the literature addresses many aspects of ankle injuries. A review of 
that literature shows an abundance of information on ankle sprains, which is likely due to 
the prevalence of the injury. Ankle sprains account for 17% to 20% of all injuries in 
most sports. I Other ankle conditions such as posterior tibialis tendon disorder and 
Achilles tendinosis are quite common in the nonathletic population and require many of 
the same interventions. Some of these interventions include range of motion, stretching, 
strengthening and proprioception. The last two interventions will be the focus of this 
literature review. 
The Biomechanical Ankle Platform System (BAPSi (Camp International, Inc, 
Jackson, MI) is purported to allow patients to perfoqn exercises that simultaneously work 
on strengthening the lower leg musculature and improving propriocepti ve sense. The 
device consists of a circular board placed on top of a hemisphere that allows for motion 
in all directions, requiring the patient to control his or her ankle position, thereby 
increasing proprioceptive sense. The BAPS can be individualized to each situation as the 
size of hemisphere can be changed, and weights can be added to various positions on the 
system to bias certain muscles.2 A variety of exercises can then be chosen to further 
individualize the intervention. Literature specifically pertaining to the BAPS is limited, 
but there are a few studies that address various other forms of the board that are similar in 
concept. A majority of this literature addresses a variety of injUlies related to the ankle 
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and its musculature, including ankle sprains and injuries to tendons of the ankle 
musculature. 
The ankle joint is a joint that is prone to a variety of problems ranging from 
overuse injuries, such as tendinitis, to acute injuries, such as sprains, which can lead to 
chronic instability and possibly arthritis. Sprains to the lateral ankle ligaments account 
for 85% of all ankle injuries and 40% of these injuries lead to some sort of disability,3 
one of which is functional instability. 
There are three main factors that contribute to functional instability of the ankle. 
They are anatomic/mechanical instability, muscle weakness, and deficits in joint 
proprioception.4 Traditionally, concentration in rehabilitation has been on muscle 
strengthening, as many sources recommend this avenue of treatment.s They support the 
premise that once the ligament's integrity is compromised, the supporting muscles of the 
ankle must compensate. A study done by Willems et al6 found a correlation of decreased 
proprioc'eption and evertor muscle weakness with chronic ankle instability. Because of 
their results, they recommend the use of proprioceptive and strength training in 
rehabilitation of unstable ankles. Traditionally, elastic resistance such as Thera-Band, 
(The Hygenic Corporation, Akron, OH) has been the main source of ankle strengthening, 
but approaches have shifted towards other modes of strengthening. Several researchers 
have proposed that a tilt board be used for the strengthening component of 
rehabilitation.7-9 
Strengthening has been a main idea in rehabilitation for many years, and the 
discovery of muscle weakness in individuals with chronic ankle instability has further 
suppOlted this concept. Bosien et al IO reported weakness of the peroneus muscles in 23 
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of 35 subjects with chronic ankle instability. Staples 11 also showed this later in a 
significant number of subjects with ankle instability. Both of these studies, however, 
grant that the weakness was not severe and that a subjective manual muscle test was used 
to assess strength. Since then, several studies have used objective measures to assess 
muscle strength in the ankle and have also discovered muscle weakness in unstable 
ankles. 
Wilkerson et al 12 used a Biodex isokinetic dynamometer (Biodex Medical 
Systems, 20 Ramsay Road, Shirley, NY, 11967-4704) to assess inversion and eversion 
strength. They found significantly greater invertor strength deficits that evertor deficits. 
They propose that there may be a connection between lateral ankle injuries and invertor 
muscle weakness. They attribute the correlation of invertor weakness and chronic ankle 
sprains to a theory that was proposed by Swearingen and Dehne. 13 This theory states that 
a sprain to the lateral ankle will trigger a reflex mechanism that will inhibit any muscles 
that are capable of increasing the tensile stress on injured ligaments. They propose that 
the recurrence of ankle sprains is not secondary to invertor weakness but instead that the 
invertor weakness is a result of recurrent injury. Their recommendation is that isotonic 
ankle strengthening be used to restore the invertor/evertor strength ratio. 
Pontaga 14 also found a deficit in the eversionlinversion ratio in chronically 
sprained ankles when compared to uninjured ankles. This difference was found using an 
ankle isokinetic inversion-eversion movement investigation dynamometer system. A 
significantly lower evertorlinvertor torque ratio was found in those subjects with 
recurrent lateral ankle sprains. This study suggests that reClllTent lateral ankle sprains 
cause a decrease in the torque ratio during the inversion movements, which in tum causes 
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decreased muscle strength in the beginning of the eversion movement. The lengthened 
evertors are not strong enough in a functionally unstable ankle to regain proper alignment 
and avoid injury. 
Kaminski et aIls also used isokinetic testing to assess the eversion/inversion 
average torque and peak torque in subjects with functionally unstable ankles. This study, 
however, did not find a significant change in peak or average torque before or after a 6-
week training session which included either strengthening with Thera-Band, 
proprioceptive exercises, or a combination of the two. 
Over time, the philosophy of ankle rehabilitation has evolved. Concentration in 
the literature has shifted from muscle weakness to proprioception as the focal point of 
rehabilitation. This idea was first introduced by Freeman et af in the 1960s, but did not 
become mainstream until later on. 
In 1965, Freeman et af found that injuries involving the ligaments of the foot and 
ankle frequently produce a deficit in proprioception and that this deficit can be 
significantly reduced through the use of a "see-saw" board, which allowed motion in only 
one plane as well as another board that allowed movement in all planes. This study has 
been referenced by many and has been referenced by many other studies.8, 16-22 In their 
study, they compared the results of three different randomly assigned treatment plans. 
When comparing a control group with groups undergoing conventional therapy and those 
using a see-saw and tilt board, they found that the use of the board exercises significantly 
reduced the proprioceptive deficit brought on by ankle sprains when compared to the 
other groups. Since 1965, many studies have shown a link between chronic ankle sprains 
and proprioceptive deficits. One of these studies, done by Refshauge et al 16 found a 
6 
decrease in passive inversion and eversion movement perception in subjects with 
recurrent ankle sprains. They found a significant impairment to be present at 0.1 o/s, 
OS/s, and 2.5°/s. Similarly, Verhagen et al 17 found success using a propriocepti ve 
balance board in the prevention of ankle sprain recurrences following a prescribed 
balance board exercise program. 
Using a BAPS, Hoffman and Payne8 were able to improve proprioception in their 
subjects. Following a lO-week BAPS training session, the experimental group showed a 
decrease in functional instability and reinjury, along with a decrease in postural sway. 
Rotation, as opposed to straight plane exercises, was used in the exercise protocol. We 
feel that this plane of movement uses the ankle muscles as a unit to maintain continuous 
motion as compared to the straight plane motions which bias certain muscles. No 
research has studied the use of rotation exercises compared to straight plane motion in 
improving proprioception or strength. 
Although proprioception receives much attention, the concept of reflex 
contraction patterns and evertorlinvertor strength ratios are other areas of ankle injury 
prevention that have created some interest as of late. Sheth et al 18 examined the effect of 
ankle disk training on the reaction times of the tibialis anterior, tibialis posterior, 
peroneus longus, and flexor digitorum longus when subjected to a simulated ankle sprain. 
In the pretraining tests, there were no differences between the experimental and control 
groups in terms of onset time and peak EMG time in the muscles. Following the training 
period, they reported significantly longer tibialis anterior and tibialis posterior onset times 
and longer posterior tibialis EMG time in the experimental group. These researchers 
concluded that ankle disk training developed a new contraction pattern that aided in the 
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correction of inversion moments by delaying the onset of the main invertors of the ankle. 
They also feel that ankle disk training can be used to help reduce the occurrence of ankle 
sprains in the healthy population; however, they are unable to extrapolate the findings to 
the population with chronic ankle instability, as the subjects in this study had no history 
of previous ankle injury. 
Although some literature has recommended the use of a BAPS or similar 
apparatus for strengthening, there are few studies that directly assess the effectiveness of 
the BAPS on strengthening. Soderberg et al 19 looked at muscle activity of the tibialis 
anterior, peroneus longus, and gastrocnemius during BAPS exercises. They compared 
the muscle activity in healthy subjects to subjects with chronically sprained ankles while 
performing clockwise and counterclockwise rotation. Electromyographic activity of the 
tibialis anterior, peroneus longus, and gastrocnemius was recorded via surface electrodes. 
They reported that the electromyographic values ranged from 20% to 80% of the 
maximal voluntary isometric contraction assessed prior to exercise. They also found the 
tibialis anterior to be most active when the front of the BAPS was inclined, a position of 
dorsiflexion. Peroneus longus was found to be the most active with the lateral or medial 
side of the board inclined. They report that the magnitude of the peroneus longus activity 
at these stages of the exercise may be due to the plantarflexing effect of the muscle in the 
last 10 degrees before the board reaches its medial and lateral positions. However, they 
did not find the gastrocnemius to show an increase in activity when the posterior part of 
the board was inclined. They attribute this to the possibility that other muscles were 
active at that time, or that a shift in body weight occurred through the support bars the 
subject was allowed to grip, which would reduce the demand placed on the 
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gastrocnemius. It was also reported that the direction of rotation had an effect on the 
magnitude of muscle activity. It appeared that higher levels of activity of the tibialis 
anterior occurred during clockwise rotation of the board when compared to 
counterclockwise rotation of the right ankle. This study did not attempt to bias each 
muscle with straight plane exercises, but instead looked at their activity during 
continuous motion. These authors concluded that to obtain higher levels of activity in 
certain muscles, therapists should restrict exercise to specific ranges of motion based on 
the area in need of strengthening. 
In conclusion, the literature covers all aspects of ankle injuries. It gives the basis 
that intervention for ankle injuries, no matter the etiology, should include strengthening 
and proprioceptive training. The BAPS provides a seemingly efficient way to perform 
these tasks. Despite the information available supporting the use of a BAPS for 
proprioceptive training, there are only a few studies addressing its use in strengthening of 
the ankle musculature and none addressing the use of straight plane exercises in 
strengthening. The goal of our study is to assess the contraction strength compared to 
maximal voluntary contraction of the tibialis anterior, peroneus longus, gastrocnemius 
and soleus during straight plane exercises on a BAPS. Our hope is to determine if the 
BAPS can produce an effective muscle activity of the gastrocnemius, soleus, anterior 
tibialis and peroneus longus. The results of this study could provide insight into the 





Participants in this study were volunteers from the community, faculty, staff, and 
student population at the University of North Dakota (UND). All subjects signed 
informed consent forms. Twenty females and 10 males comprised this study. The 
subjects' average age was 26.7 years old (range of 22 to 55 years old). 
Inclusion criteria for the study included healthy individuals over the age of 18. 
Exclusion criteria for the study included individuals with a history of ankle fractures, 
acute/subacute ankle sprains (last six months), chronic ankle instability, 
proprioceptive/balance impairments, and any other ankle dysfunction. Subjects filled out 
a questionnaire to determine eligibility for inclusion into this study (See Appendix). For 
each subject, the dominant lower extremity was tested. The study was approved by the 
Institutional Review Board at UND, and all testing was performed in the .UND Physical 
Therapy Department (See Appendix). 
Instrumentation 
All trials for each subject were performed on a standard Biomechanical Ankle 
Platform System (BAPS board) (Camp International, Inc., Jackson, MI), with and without 
weights positioned on each quadrant of the board, to determine the activity level of lower 
leg musculature. Each subject performed the exercises on a Level 3 BAPS board 
hemisphere. A 2 Y2 pound weight plate was placed on one quadrant of the board 
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depending on random assignment, to determine the level of muscle activity of the lower 
leg with that particular placement. 
The activity levels of the muscles were determined by use of electromyography 
(EMG). The EMG data was collected by Noraxon Telemyo STM telemetry unit (Noraxon 
USA, Scottsdale, AZ). The sampling rate was 1000 Hz. 
Goniometric equipment (Biometrics Ltd., Ladysmith, VA) was also used to 
determine each subject's foot position during the study. Only inversion and eversion of 
the ankle was performed on the BAPS board because these are integral motions in the 
cause and prevention of ankle sprains. 
Procedure 
Prior to testing, each subject's history was obtained via a questionnaire to 
determine eligibility for the study (See Appendix). Following this, each subject read and 
signed an information and consent form (See Appendix). Dominant lower extremity was 
then assigned by the subject's foot selection in order to kick a ball rolled in his or her 
direction. 
Next, to record the subject's muscle activity and foot position, the skin over the 
muscles of interest on the dominant lower extremity was shaved of any excess body hair, 
cleansed with alcohol, and marked to prepare for the placement of EMG electrodes and 
goniometric equipment. The electrodes included eight surface electrodes and one ground 
electrode. Two surface electrodes were placed parallel to the long axis of the muscle 
fibers over four muscles on the dominant lower extremity of each subject. Goniometric 
equipment was also placed on the dominant lower extremity with adhesive material to 
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determine the position of the foot during each of the subject's trials. This goniometric 
equipment is shown in Figure 1. 
Figure 1. Goniometric equipment 
The muscles of interest for the study included the gastrocnemius, soleus, peroneus 
longus, and tibialis anterior. The electrode for the gastrocnemius was placed over the 
muscle belly 1;4 the distance of the leg (fibular head to calcaneous). The electrode for the 
soleus was placed just medial to the calcaneal tendon lI2 the distance of the leg (popliteal 
line to calcaneous). The electrode for the peroneus longus was placed I;4 the distance 
from the fibular head to the lateral malleolus. The electrode for the tibialis anterior was 
placed over the muscle belly 1/3 the distance from the inferior patellar pole to the lateral 
malleolus. The ground electrode was positioned over the fibular head.38-40 The electrode 
placement sites alie demonstrated in Figure 2. Table 1 describes the anatomical 
information for each muscle monitored. 
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inta-osseous membrane surface) 
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Figure 2. Electrode placement sites 
Because the EMG data were to be normalized, each participant's maximally 
evoked EMG signal for each of the specified muscles was recorded once the EMG 
electrodes were in place. The EMG signals were obtained during isometric maximal 
voluntary contraction (MVC) of muscles of dorsiflexionlinversion, eversion, and 
plantarflexion. For the tibialis anterior, the subject was seated and a combination of 
dorsiflexion with inversion was manually resisted. The subject was positioned supine 
with the lower extremity in a 90°/90° position and the foot flat against the wall for the 
soleus. Maximum voluntary contraction for the gastrocnemius was obtained with the 
subject in the long-sitting position with the foot flat against the wall. Finally, for the 
peroneus longus, the participant was positioned in long-sitting while eversion was 
manually resisted. For all contractions, the ankle and foot joints were maintained in a 
neutral position while a 5-second contraction was sampled. The participants were 
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instructed to relax during the intervals while the data from each of the four contractions 
for each of the four muscles were being stored on the computer. 
Each subject was then positioned with only the dominant lower extremity on the 
BAPS board for orientation to the exercises. The board was located inside two walkers to 
provide the necessary balance support for each subject (Fig. 3). An "X" was placed on 
the wall in front of the subjects as a visual focus point to minimize the necessity for them 
to look down to observe the location of the board and subsequently disrupt their balance. 
Subjects were instructed to maintain board velocity as constant as possible during the 
randomly ordered exercises of no weight added to the BAPS board, weight added to the 
anterolateral quadrant of the board, weight added to the posterolateral quadrant of the 
board, weight added to the posteromedial quadrant of the board, or weight added to the 
anteromedial quadrant of the board, while maintaining only an inversion to eversion and 
vice versa direction. For orientation to the exercises, each subject was allowed to 
practice several repetitions of inversion and eversion with no weight added to the board 
(Fig. 4). A rate of approximately 40 contacts per minute was used to regulate the velocity 
of movement or board edge tapping, which was cued for each subject by a metronome on 
the computer program. After demonstrating ease with the board and a constant rate of as 
near as possible to 40 contacts per minute, the subjects rested briefly before initiating the 
trials. 
Before resuming the position on the BAPS board, the subjects randomly picked 
from five cards, which were each marked with one of the exercises. Then, upon 
resuming position, a verbal cue was given to the subjects to begin the repetitions of 
inversion and eversion as soon as they felt comfortable with the metronome's cadence. 
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The computerized EMG data collection was initiated with the verbal cue and terminated 
after the subject completed five repetitions of inversion and eversion (inversion/eversion 
as one repetition). This protocol was then repeated for the four other exercises, which 
were each randomly picked from the remaining cards. Subjects were given verbal 
reminders as necessary to continue to focus visually on the "X" directly in front of them 
throughout the trials. 
Figure 3. Subject positioned on the BAPS between two walkers for support. 
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Figure 4. Subject balancing with no weight on the BAPS board. 
Data Analysis 
The experimental research design was a repeated measures ANOV A, examining 
EMG data of the four different muscles during inversion and eversion with all five 
different exercise components. Because the position of the ankle was known by means of 
the goniometric equipment, the level of muscle activity could be determined and related 
to ankle position. 
The EMG signals were full wave rectified and smoothed using RMS averaging 
with a 50 msec window. The EMG data was exported to MyoResearch XP software 
(Noraxon USA, Scottsdale, AZ) for analysis and quantification of mean activity levels. 
For each subject, the level of EMG acti vity during each exercise trial was compared to 
the EMG activity during the MVCs. All EMG values were normalized as a percentage of 
each subject's MVC for each muscle. The following formula was used: 
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% Change in EMG = EMG Activity during Trial- Baseline EMG Activity 
Baseline EMG Activity 
The normalized values were entered into SPSSTM Statistical software (SPSS Inc, 
Chicago, IL) for analysis. The statistical analysis of repeated measures ANOV A was 
performed with a significance level (alpha level) of .05. The independent variables were 




Four repeated measures ANOV As were completed, one for each muscle group, as the 
same subject was tested within the five different weight placement conditions. There was 
no significant difference found in the EMG activity of the gastrocnemius, soleus, or 
anterior tibialis muscles, between the 5 different weight placement conditions. Values 
were as follows: 
Gastrocnemius: F (3.490,94.235) = 2.451, P = .059; partial eta2 = .083, power = .639 
Soleus: F (3.208, 86.606) = 2.588, P = .054; partial eta2 = .087, power = .638 
Anterior tibialis: F (1.300,35.098) = .986, P = .350; partial eta2 = .035, power = .177 
There was a significant difference found in the EMG activity of the peroneus longus 
muscle (F(4,108) = 10.026, P = .000; partial eta2 = .271, power = 1.000) however, not 
between all weight placement conditions. The mean difference in EMG activity was the 
highest for peroneus longus between posterior lateral and posterior medial weight 
placements at 18.325. The other weight placements that had a significant difference 
between the conditions for the same muscle were: no weight and posterior lateral, no 
weight and posterior medial, anterior lateral and posterior lateral, anterior lateral and 
posterior medial, anterior medial and posterior lateral, and anterior medial and posterior 
medial. The mean EMG activity ranged between 5.657 and 12.668. A Pairwise 
comparison of the conditions is shown in table 4-1. 
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The peroneus longus had the highest mean of EMG activity with the weight 
placement at posterior lateral. The lowest mean of EMG activity was shown with the 
weight placement at posterior medial. The mean difference between these two 
placements was 18.325 (58.5536 vs. 40.2286). These differences are shown in figure 
4-1. 
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Antercmedlal 4339 3.329 .203 ·2A9 f 11.170 
Posrel'Q)atel':ll -8.329 2.666 .00"' -13.799 -2.858 
Pos~1'Olreli1l. 9.9.90 2.855 .002 4.139 15.854 
Allt t>l'Oll'R)dinl I'b v;~gh1 -1.696 2.329 .554 -7.SIH 4.108 
Anterolateral ·4.339 3.329 .203 ·11.170 2.491 
Pos[eJo]atel~l -12.663 3.813 .003 -200491 -4.845 
Posrerol.'OO(lial 5.657 2.281 .010 .978 10.337 
Posrel'01:ueml NowegIH 1.0.971 3.149 .002 4.511 17.432 
An.hmjL't~r::U 8.329 2.666 .00"' 1858 11799 
AIUel'Ol\~li;1] 12.663 3.813 .003 4.345 20.491 
Pos[el'ol\~lial 18.325 3.210 .000 11.739 24.911 
pQi1 reJ."OlI ..... U.')l N9Weght -7.354 2.605 .009 -12.699 ~2 . 003 
AlUel'OL1tt>l'::U ·9.996 2.855 .002 ·15.854 ·4.139 
AJUel'Ol1.,..Ua] -5,657 2,281 .O!O -1Il.337 -.978 
Posool'Ol')tt>l~1 -18.325 3. 210 .000 ·24 .911 ·11739 
*B olded inforrration indicates si 'ficance betvveen conditions 
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Figure 5. Mean Differences and Standard Deviations 
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The increase of EMG activity of peroneus longus (PL) was the highest with 
weight in the posterolateral position. We feel this increase in activity is due to the actions 
of PL, which are to evert and plantarflex the foot. PL was least active, however still 
significant with posteromedial weight placement on the BAPS. This is due to the 
assistance PL in the direction of eversion from the weight. All positions when compared 
to one another were found to be significant with the exception of the following: no 
weight vs anterolateral; no weight vs anteromedial; anterolateral vs anteromedial. 
Soderberg et al24 found the most activity in PL when the BAPS was in the most 
extreme medial or lateral positions of rotation, a position which utilizes PL in a 
concentric and eccentric contraction, respectively. In our study, PL was most active 
during concentric contraction with weight in the posterolateral position. However, little 
muscle activity was recorded during the eccentric contraction of PL with weight in the 
posteromedial position. We feel that this may be due to the tendency of subjects to shift 
towards a plantarflexed position during the course of the exercises and the general lack of 
control of the BAPS that many subjects showed. Many were unable to control velocity 
while lowering the BAPS through eccentric contraction of the evertors and allowed the 
BAPS to slap on the floor while progressing to a position of inversion. 
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Gastrocnemius, Soleus, and Tibialis Anterior: 
There was no significant difference found in the EMG activity of the 
gastrocnemius, soleus, or anterior tibialis muscles, between the 5 different weight 
placement conditions. We feel that this may be due to the amount of weight that was 
used. One 2Y2 pound plate was used for each exercise. If the amount of weight had been 
increased, we feel that the strength of contractions of the gastrocnemius, soleus, and 
tibialis anterior may have been stronger and possibly significant when analyzed. 
We were expecting to find significance in tibialis anterior, as well as peroneus 
longus, due to its actions of inversion and dorsiflexion. Because of these movements, we 
feel the straight plane exercises would have biased the EMG activity of tibialis anterior. 
However, the values for tibialis anterior were not found to be significant (p = .350). The 
reason for this lack of significance is unknown, other than the aforementioned 2Y:z pound 
plate. 
We were surprised to see values that were nearly significant for gastrocnemius 
and soleus (p = .059, P = .054 respectively) with the 2Y2 pound plate. We feel that these 
values may also have been a result of the poor MVC testing position utilized in our study. 
The baseline EMG activity for gastrocnemius and soleus was not accurately represented 
by the MVC testing position which reflects an inaccurate representation of the percentage 
of contraction attained by the BAPS exercises. We will discuss this further in the 
limitations and future recommendations section. The use of gastrocnemius and soleus 
muscles as a stabilizing force in these exercises may also contribute to the increased 
EMG values that were reported. 
24 
Limitations and Future Recommendations: 
There were several limitations to our study. We obtained our subjects through the 
method of convenience sampling rather than random sampling. Therefore, the sample we 
used for the most part was made up of healthy, young adults between the ages of 20 and 
30 years, with the exception of two participants who were over the age of 50 years. We 
realize that random sampling would have provided a more accurate representation of the 
population for statistical analysis. 
Our statistical analysis could have been more accurate by increasing the sample 
SIze. We originally tested 31 subjects; however, for various reasons were unable to 
include 3 of those subjects in our statistical analysis, which was either due to data error or 
equipment error. A larger sample size would have been beneficial as it would have 
provided a more accurate representation. 
Another limitation to our study would be the way in which we assessed maximum 
voluntary contraction (MVC) of the gastrocnemius and soleus muscles. For 
gastrocnemius testing, subjects were positioned in longsitting on a table with their foot 
placed against the adjacent wall. The subjects were then asked to plantarflex against the 
wall while stabilizing themselves with the assistance of the tester. For soleus testing, the 
subjects were supine on the table with hip and knee flexed to 90 degrees and foot placed 
against the adjacent wall. The subjects were asked to plantarflex against the wall while 
the tester provided resistance at the knee. 
Soderberg et af4 tested the plantarflexors with the subject in a long sitting 
position between two immovable objects to provide adequate resistance. Although we 
felt our assessment position was adequate prior to testing, this positioning would have 
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provided a more accurate measurement of muscle strength. Even though we attribute the 
higher EMG findings for gastrocnemius and soleus to inaccurate testing of MVC, we do 
not feel that this had a significant impact on our study, as the strength of contractions that 
we obtained where substantially stronger than EMG values obtained from the other 
muscles. Also, by achieving a stronger MVC, we would have further spread the 
difference between that baseline and the EMG activity during exercise. This would have 
made the results even less significant, which would not alter the findings of this study. 
Clinical Implications: 
Inversion ankle sprains, which affect the lateral ligamentous support, are the most 
common type of ankle injury. Once the integrity of these ligaments is compromised, 
strengthening the lateral ankle musculature is beneficial in regaining ankle stability and 
preventing future sprains. Willems et al6 found a correlation of decreased proprioception 
and evertor muscles weakness with chronic ankle instability. Bosien et allo and Staples II 
both found weakness of the peroneal muscles in a significant number of subjects with 
chronic lateral ankle instability. Therefore, peroneus longus is an important muscle to 
strengthen as it improves eversion strength and ankle stability. Previously, there have not 
been any studies addressing the effects of straight plane exercises with a BAPS on PL, 
but Soderberg et af4 did show a significant increase in PL activity with rotation of a 
BAPS. Our study also found an increase in EMG activity of the PL with straight plane 
exercises which further supports the use of the BAPS for strengthening of the PL 
following an inversion ankle sprain. 
Traditionally, rehabilitation for ankle sprains has focused on strengthening of the 
ankle evertors. Over time, this philosophy has shifted towards proprioceptive training 
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along with strengthening. Hoffman and Payne8 were able to improve proprioception in 
their subjects using a BAPS for a ten week training session. However, this study used 
rotation of the BAPS as opposed to straight plane exercises in their protocol. 
Theoretically, the BAPS has the potential to perform both interventions at once. 
However, there is limited evidence supporting BAPS as an overall ankle strengthener. 
This study did not generate sufficient evidence to support the use of straight plane 
exercises on a BAPS to strengthen gastrocnemius, soleus, or tibialis anterior. This may 
be due to the exercise positioning which was in a straight inversion/eversion motion. 
However, when performing these exercises, many subjects tended to plantarflex slightly 
which would bias the plantarflexion and eversion actions of peroneus longus as compared 
to the dorsiflexion and inversion actions of tibialis anterior. In comparison, Soderberg et 
af4 did show increased muscle activity in the gastrocnemius and tibialis anterior with 
rotation of a BAPS. Our findings are consistent with Soderberg et af4 in that BAPS can 
be effective in strengthening the peroneus longus. We feel that more research is needed 
to examine the use of BAPS-assisted straight plane exercises in the strengthening of 




University of North Dakota Human Subjects Review Form 
All'research with human participants conducted by faculty, staff, and students associated with the University of North Dakota, 
must be reviewed and approved as prescribed by the University's policies and procedures · governing the use of human subjects. 
It is the intent of the University of North Dakota (UND), through the Institutional Review Board (IRB) and Research 
Development and Compliance (RD&C), to assist investigators engaged in human subject research to conduct their research 
along ethical guidelines reflecting professional as well as community standards. The University has an obligation to ensure 
that all research involving human subjects meets regulations established by the United States Code of Federal Regulations 
(CFR). When completing the Human Subjects Review Form, use the "IRB Checklist" for additional guidance. 
Please provide the information requested below: 
Principal Investigator: Mark Romanick, Carrie Carpenter, Andrea Lund, Jodi Sailer, Jessie Slinde 
Telephone: (701)777-2831 E-mail Address: mromanic@medicine.nodak.edu 
Complete Mailing Address: UND Dept. of Physical Therapy; PO Box 9037; Grand Forks, ND 58202-9037 
SchooVCollege: University of North Dakota Department: Physical Therapy 
Student Adviser (if applicable): Mark Romanick -------------------------------------------------------
Telephone: Same as above E-mail Address: 
Address or Box #: -----------------------------------------------------------------
SchooVCollege: Department: ---------------------------------
Project Title: Variations in EMG activity in lower leg musculature with use of a BAPS board. 
Proposed Project Dates: Beginning Date: May 23,2005 Completion Date: December 15, 2005 
--~~~~~~~~~--
(Including data analysis) 
Funding agencies supporting this research: None 
(A copy ojthejllndillg proposaljor each agency identified above MUST be attached to this proposal wilen submitted.) 
Does the Principal Investigator or any researcher associated with this project have a financial interest 
in the results of this project? If yes, please submit, on a separate piece of paper, an additional 
YES or X NO explanation of the financial interest (other than receipt of a grant) 
If your project has been or will be submitted to other IRBs, list those Boards below, along with the status of each proposal. 
Date submitted: -------------------------------------- _________ Status: ___ Approved ___ Pending 
Date submitted: -------------------------------------- _________ Status: __ Approved Pending 
Type of Project: Check "Yes" or "No" for each of the following. 
X YES or NO New Project YES or X NO Dissertation/Thesis 
YES or X NO Continuation/Renewal X YES or NO Student Research Project 
Is this a Protocol Change for previously approved project? If yes, submit a signed copy of this form 
YES or X NO . with the changes bolded or highlighted. 
Does your project involve medical record information? If yes, complete the HIPAA Compliance 
YES or X NO Application and submit it with this form. 
Does your project include Genetic Research? If yes, refer to Chapter 3 of the Researcher Handbook 
YES or X NO for additional guidelines regarding your topic. 
Does your project include Internet Research? If yes, refer to Chapter 3 of the Researcher Handbook 
YES or X NO for additional guidelines regarding your topic. 
Will subjects or data be provided by Altru Health Systems? If yes, submit two copies of the 
YES or X NO proposal. A copy of the proposal will be provided to Altru. 
Will research subjects be recruited at another organization (e.g., hospitals, schools, YMCA) or will 
YES or X NO assistance with the data collection be obtained from another organization? 
29 
Ifyes,l~tallinsti~tions: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Letters from each organization must accompany this proposal. Each letter must illustrate that the organization understands 
their involvement in that s~dy, and agrees to participate in the s~dy. Letters must include the name and title of the 
individual signing the letter and, if possible, should be printed on letterhead. 
Subject Classification: This s~dy will involve subjects who are in the following special populations: Check all that apply. 
___ Minors « 18 years) X UND S~dents 
Prisoners --- ___ Pregnant WomenlFe~ses 
--- Persons with impaired ability to understand their involvement and/or consequences of participation in this research 
X Other Community adults 
For information about protections for each of the special populations, refer to Chapter 5 of the Researcher 
Handbook. 
This study will involve: Check all that apply. 
___ Deception 
Radiation ---
___ New Drugs (IND) 
___ Non-approved Use ofDrug(s) 
Recombinant DNA ---





Human Blood or Fluids ---
Other 
1. Project Overview 
The purpose of our study is to determine the activity level of lower leg musculature when 
using the Biomechanical Ankle Platform System (BAPS board), with and without 
weights positioned on each quadrant of the board. The Biomechanical Ankle Platform 
System is a piece of equipment used for ankle assessment and strengthening. It consists 
of a round platform that connects to balls of various sizes corresponding to difficulty 
level. Weights may also be placed on the board to increase difficulty of exercises. We 
will determine activity level by use of EMG equipment. The movements chosen for 
testing are inversion and eversion (side to side), integral motions in cause and prevention 
of ankle sprains. 
We are using human subjects to more accurately compare results to the general 
population. The results may also influence the way we practice physical therapy in the 
clinical setting. 
II. Protocol Description 
1. Subject Selection 
a. We will announce information regarding our study to UND physical 
therapy students and adults involved with Red River Valley 
gymnastics during the summer semester to recruit potential subjects. 
b. Subjects will fill-out a pre-established questionnaire to determine 
eligibility (see enclosed questionnaire). UND students will be 
included due to their availability and accurate representation of the 
target population. 
c. Exclusion criteria include: history of ankle fractures, acute/subacute 
ankle sprains (last 6 months), chronic ankle instability, proprioceptive 
impairments, and any other ankle dysfunction. Our study is focusing 
on the healthy population, and any subjects with these exclusionary 
conditions will alter the outcome of our tests. 
d. Our goal is to have up to 30 subjects. We chose this number because 
we feel it is an attainable number of subjects, and a sample group of 
this size will give us an accurate representation of the target 
population. 
e. Because of the sample size and characteristics, we feel this study will 
give us valid results. 
2. Description of Methodology 
a. Subjects will be given an information sheet describing the study in 
detail along with any possible risks to the subjects. They will also be 
given a consent form to read and sign. 
b. Research will be performed in the UND Physical Therapy Department 
in the third floor research room. The UND Physical Therapy 
Department will provide all equipment and funding needed for EMG 
and goniometlic measurements and data analysis. 
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c. Duties have been divided into the following categories and delegated 
to each researcher: 
1.) Electrode placement/baseline testing; 
2.) Goniometric set-up/electrode removal; 
3.) EMG coordinator; 
4.) Consent form/dominant foot testing. 
d. Subjects will be given an information and consent form and dominant 
foot will be determined. Skin will then be prepped for EMG and 
goniometric placement by removing excess leg hair with an electric 
hair clipper and cleansing the skin with alcohol. The skin will be 
marked, and EMG electrodes and goniometric equipment will be 
attached to the skin using adhesive material. We will obtain a 
maximum voluntary contraction for each muscle being tested to 
establish baseline data once the EMG electrodes are in place. Subjects 
will be given a short training session on the use of the BAPS 
board prior to testing. Subjects will then perform predetermined 
exercises on the BAPS board while EMG activity and goniometric 
measurements are recorded. Estimated testing time will be 
approximately one hour for each. 
e. There will be no audio/visual procedures. 
f. All of the researchers are enrolled in. an EMG/motion analysis class 
which will educate us in proper use of all equipment. Other physical 
therapy courses have provided us with background knowledge needed 
conduct this study including Gross Anatomy, Biomechanics, and 
Statistics. 
g. No monetary compensation will be gi ven. 
3. Risk Identification 
a. Although the process of physical testing always involves some degree 
of risk, we feel that the risk of injury or discomfort is minimal. Alcohol 
. will be used to clean the skin, and, as stated above, we will be placing 
electrodes and goniometric equipment on the surface of the skin with 
adhesive material. Alcohol/adhesive allergies may be a potential risk, 
but the questionnaire (enclosed) prior to entering the study addresses 
this risk, if known by the participant. If needed, we will be removing 
hair from the area where electrodes will be placed. Also, there will be 
temporary markings placed on various points of the lower leg. These 
devices only record electrical information from the subjects' muscles 
and joints; they do not stimulate the skin. There may be slight redness 
of the skin upon removal of the electrodes and goniometric equipment, 
but this will only be temporary. The amount of exercise the subject 
will perform will be moderate and should cause no real discomfort or 
impose a significant stress to muscles or joints. 
b. The data will be identified by a number conesponding to a number on 
the consent form, known only by the researcher. The need for this is to 
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ensure that every subject has signed a consent form. 
4. Subject Protection 
a. Subjects will be informed that they may terminate the study at any time 
if they are experiencing any discomfort, pain, fatigue, or any other 
symptoms that may be detrimental to his/her health, or if the subject 
has any other reservations regarding continued participation. 
b. All data sheets will be identified only by a number. All data and 
consent forms will be kept separate and confidential until the end of 
research. They will then be stored as described below. Subjects' 
names will not be used in any reports of the study's results. 
c. Before entering the testing area, subjects will be provided with a copy 
of the consent form. They will need to read and sign this prior to 
participation. One of the researchers will be providing this to them and 
giving them any needed instructions. 
d. The computer data and consent forms will be kept in the University of 
North Dakota, Physical Therapy Department for 3 years. They will be 
stored separately and in locked files during this time. Only the 
researchers, the advisor and people who audit IRB procedure will have 
access to the data. After this time, any electronic media will be erased 
and all paper files shredded. 
e. In the event that this research activity results in a physical injury, 
medical treatment will be available including first aid, emergency 
treatment and follow up care, as it would be to any member of the 
general public in similar circumstances. 
f. Any resultant costs from physical injury and treatment during the 
study will be the responsibility of the subject to cover. 
III. Benefits 
The benefits for the subjects will be the experience of being involved in a scientific study 
and knowing that they will be contributing to the body of knowledge in exercise 
physiology and physical therapy. The results of our study will provide society with a 
better understanding and knowledge of the lower leg musculature related to ankle 
dysfunction and injuries. It will also improve the quality of care physical therapists are 
able to provide, which in tum benefits society. 
IV. Consent Form 
See additional page. 
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INFORMATION AND CONSENT FORM 
TITLE: Variations in EMG Activity in Lower Leg Musculature 
With Use of a BAPS board. 
You are being invited to participate in a study conducted by Carrie Carpenter, Andrea 
Lund, Jodi Sailer, Jessie Slinde and Mark Romanick from the Physical Therapy 
Department at the University of North Dakota. The purpose of our study is to determine 
the activity level of lower leg musculature when using the Biomechanical Ankle Platform 
System (BAPS board), with and without weights positioned on four different points of 
the board. The Biomechanical Ankle Platform System is a piece of equipment used for 
ankle assessmeri"t and strengthening. It consists of a round platform\that connects to balls 
of various sizes corresponding to difficulty level. Weights may also be placed on the 
board to increase difficulty of exercises. We will be using electromyography (EMG) 
analysis to determine the level of muscle activity and goniometric measurements to 
determine the position of the joint while performing the exercises. EMG is a test that 
measures muscle response to nervous stimulation (electrical activity within muscle 
fibers) . This will involve placing four small electrodes on various locations of the lower 
leg. Only healthy subjects, over the age of 18 will be asked to participate in this study. 
Anyone with a history of ankle fracture, sprained ankle within the last six months, ankle 
dysfunction, or any medical condition affecting balance or proprioception will not be 
eligible for this study. The benefit for you, as the participant, will be the experience of 
being involved in a scientific study and knowing that you will be contributing to the body 
of knowledge in exercise physiology and physical therapy. 
You will be asked to perform a maximum voluntary contraction for each muscle being 
tested before you begin the EMG analysis. You will then practice the exercises on the 
BAPS board before analysis begins. EMG analysis will be taken during five different 
components of the test. Each component will consist of five repetitions. This study will 
take approximately one hour of your time. 
Although the process of physical testing always involves some degree of risk, the 
investigators in this study feel that the risk of injury or discomfort is minimal. In order for 
us to record the muscle activity and joint position we will be marking skin and placing 
electrodes and goniometric equipment on the skin of your lower leg. The equipment will 
be attached to the surface of the skin with an adhesive material. We may need to shave 
the area, with an electric hair clipper, where the electrodes are being placed. These 
devices only record electrical information from your muscles and joints, they do not 
stimulate the skin. You may notice some redness on the skin upon removal of electrodes, 
but this will only be temporary. After equipment is in place you will be given a short 
training session on use of the BAPS board. The amount of exercise you will be asked to 
perform will be moderate. 
Your name will not be used in any reports of the results of this study. All of the data will 
be kept confidential and identified, by the researchers, by a number. Only the 
researchers, the advisor, and the people who audit IRB procedures will have access to the 
data. The data and consent forms will be kept at the University of North Dakota Physical 
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Therapy department for a period of 3 years. After this length of time, the electronic 
media will be erased and paper files shredded. 
You or the researcher may stop the experiment at any time if you are experiencing 
discomfort, pain, fatigue or any other symptoms that may be detrimental to your health. 
You may also discontinue involvement with this study if you have any reservations 
whatsoever. Your decision on whether or not to participate will not prejudice your future 
relationship with the Physical Therapy department or the University of North Dakota. If 
you decide to participate, you are free to discontinue participation at any time without 
prejudice. 
The researches involved are available to answer any questions you have concerning this 
study. In addition, you are encouraged to ask any questions concerning this study that 
you may hav'e in the future. Questions may be asked by calling Dr. Mark Romanick at 
701-777-2831 or Carrie Carpenter at 701-777-9680. If you have any other questions or 
concerns, please call the Office of Research and Program Development at 701-777-4279. 
A copy of this consent form is available to all subjects in this study. 
In the event that this research activity results in physical injury, medical treatment will be 
available, including first aid, emergency treatment, and follow up care, as it would be to 
any member of the general public, in certain circumstances. Payment, if any, for any 
such treatment must be covered by you or your third party payer. 
ALL OF MY QUESTIONS HA VE BEEN ANSWERED AND I AM ENCOURAGED 
TO ASK ANY QUESTIONS THAT I MAY HAVE CONCERNING THIS STUDY IN 
THE FUTURE. MY SIGNATURE INDICATES THAT, HAVING READ THE 
ABOVE INFORMATION, I HAVE DECIDED TO ALLOW PARTICIPATION IN THE 
RESEARCH PROJECT. 
I have read all of the above and willingly agree to participate in this study, explained to 
me by one of the researchers. 
Participant's Signature Date 
Witness Signature Date 
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Participation Questionnaire 
Circle yes or no for the following questions: 
1. Have you sprained your ankle in the last 6 months? 
Yes No 
2. Have you ever sustained an anklelleg fracture in your lifetime? 
Yes No 
3. Do you feel that your ankle(s) is/are unstable? If yes, explain. 
Yes No 
4. Do you have any medical conditions that would alter your balance? 
Yes No 
5. Are you 18 years of age or older? 
Yes No 
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